This study analyzes the empirical relationship between the vKOSPI, which is the Korean VIX (implied volatility index), and the housing market (rent 1 -to-house price ratio) based on monthly data from January 2003 to November 2012. The data were divided into two parts before and after the global financial crisis in 2008 and were analyzed by using the Vector Autoregressive (VAR) Model. The research results show that the influence of vKOSPI on the housing market changes from symmetric to asymmetric since the global financial crisis in 2008. Before the global crisis in 2008, the influence of the vKOSPI on the house price index and rent index is almost the same, so the influence on the rent-to-house price ratio is not statistically significant. However, since the global crisis in 2008, the influence of the vKOSPI on the two prices has changed asymmetrically and the influence on the rent-to-house price ratio was statistically significant. Second, the influence of the vKOSPI fluctuation on house sale prices and rent is shown differently according to the rise/fall of the vKOSPI. In the event of the vKOSPI rising, house prices would fall greatly. On the other hand, in the event of the vKOSPI falling, the rise in housing prices is relatively small. This means that while the boosted sentiment of investors in the stock market is not transferred to the housing sales market, the aggravated sentiment of investors affects the housing sales market easily. In conclusion, the uncertainty has been represented in the vKOSPI and the preference for risky assets has an asymmetrical influence on the market dependent upon the kind of market. We suspect that this is caused by complex factors including shrinking expectations for future house prices.
Introduction
The major factors that influence the housing market are economic circumstances (this is a fundamental factor), economic bubbles, and policies. Since a house is a risky asset, it is affected by the sentiment of investors. The global financial crisis in the latter half of 2008 began in the USA and spread worldwide. It originated from the real estate crisis. It is widely recognized that rapid fluctuation of real estate prices had a negative influence on the economy. Most economic specialists suspect that low interest rates and excessive mortgage loans created the soaring house prices in the USA, and the fall of the collateral value of a house due to the collapse of the housing bubble generated inferior assets in the banks.
Rise of real estate prices stimulates economic activities by the wealth effect and increases investment and consumption expenditures. This also indirectly increases the demands for loans. The rise of real estate prices increases the collateral value of the borrowers. This is called the financial accelerator effect (Bernanke et al. [1] ).
In particular, from 2009 to 2012, the rise of rent is greater than the rise of house sale prices in the Korean housing market, most of which is interpreted as due to the changes in the sentiment of investors. Notwithstanding, there is no specific problem in housing supply, people have come to prefer renting compared to the purchase of a house when choosing their residence. Therefore, it is interpreted that the sentiment of investors toward the housing market has changed.
According to a news article 2 , rental prices have continuously risen since the global financial crisis and there have been an increasing number of loans given for providing a rental deposit. In particular, due to the rise of rentals, the total market price of rentals nationwide reaches almost half of the total market price of house sales. The key point of the article is that there is a lot of demand for rental properties, but consumers are not shifting to the sales market. This is because investors believe that paying a rental deposit is better than buying a house which has a larger debt burden.
The vKOSPI is a volatility index that represents the future outlook of investors who participate in stock market. It is also referred to as the "fear index".
In the USA, the VIX, an index to represent volatility of the stock market, is used as an overall measure that shows uncertainty (e.g. Bloom [2] ). The Korean Volatility Index, vKOSPI, also represents the degree of uncertainty that Korean investors feel at a given moment. According to Chauvet, Gabriel and Lutz [3] , VIX, the index representing the attitude of investors who participate in the stock market with a focus on risk, and the Housing Distress Index (HDI) from the housing market demonstrate a very similar pattern. Therefore, the vKOSPI also may be considered to be connected with the psychological flow of investors.
This study analyzes the influence of the attitude or risk appetite of investors towards risky assets, which is represented as the KOSPI Volatility Index (vKOSPI), on the housing market.
The distinctive features of this study compared to previous studies are outlined below.
First, this study investigates the relationship between the vKOSPI and the housing market, unlike other studies that analyze the relationship between the housing sales market and rental market. Few studies have been conducted in that way so far.
Second, using the house price to rent ratio, it aims to have consistency with the index that is mainly used by market participants.
Third, it analyzes the influence of the vKOSPI on the housing market before and after the global financial crisis in 2008 using the VAR model.
Major research results are explained below. First, the influence of the vKOSPI on the housing market before and after the global financial crisis in 2008 changed from symmetric to asymmetric. Before the economic crisis in 2008, the influences of the vKOSPI on the house price index and rent index are very similar to each other, symmetrically that is, the influence on the rent-to-house price ratio is not statistically significant. It is because the vKOSPI has a similar influence on both the denominator and numerator of the rent-to-house price ratio. However, after the economic crisis in 2008, the effect of the vKOSPI is asymmetric, which is statistically significant.
Second, the vKOSPI has a bigger influence on the rent index than the house price index. This is a very interesting point. To explain in more detail, when the vKOSPI falls, both rent and house prices rise. However, the rise in rent prices is larger than the rise in house prices, which makes the changes in rent-to-house price ratio bigger.
On the other hand, when the the vKOSPI rises, both rent and house prices fall. In that case, the fall in house prices is larger than the fall in rents, which makes the changes in rent-to-house price ratio smaller. This means that the vKOSPI fluctuation had different influences on house prices and rent according to the rise/fall of the vKOSPI. Although the sentiment of participants in the stock market is boosted due to the fall of the vKOSPI, the prices in the rental market rise more than the housing market. It means that the boosted sentiment of investors in the stock market does not often shift to the housing market. It also means that although the sentiment of participants in the stock market is aggravated due to the rise of the vKOSPI, the fall of house prices is much bigger than the rental market, causing the stock market to easily affect the housing market. 1) When the risk appetite of investors changes in regard to the uncertainty and risk due to the vKOSPI fluctuation, the volatility increases in the rental market more than in the house sales market; and 2) the asymmetric sentiment of investors is transferred from the stock market to the housing market. These results show that investors have a different attitude towards participating in the two markets.
Third, when the vKOSPI rises, the changes in rent-tohouse price ratio increase more than the case when the vKOSPI falls (asymmetric effect). This coincides with a general phenomenon in which the volatility gets bigger when stock prices fall, than the case when stock prices rise. The direction of volatility and the price variable of the housing market show similar patterns.
Last, the vKOSPI "Granger causes" the changes in rentto-house price ratio. This means that the risk attitude of investors who participate, based on uncertainty in stock market, is closely related to the price variable of the housing market.
The structure of the research is as follows. Chapter 2 summarizes previous studies and Chapter 3 summarizes the data. Chapter 4 provides methodology and Chapter 5 presents the results. Chapter 6 offers some conclusions.
Previous Studies
Most previous studies focus on the relationship between the stock market and housing market. They deal with the issues concerning whether the two markets are co-integrated or if there is any causality between the two markets. Apergis and Lambrinid is [4] show that the stock market and the real estate market move together toward the same direction (integration of the stock market and real estate market) in the USA and UK by using co-integration and the error correction model with data from 1986 to 2006. They argue that as the integration of two markets is great, a portfolio that contains both stocks and real estate assets have relatively small advantages.
Anoruo and Braha [5] use the GARCH-enhanced VECM model and focus on the rate of returns of the houses and stocks. They insist that there is a co-integration relationship between the two factors. There is a spillover effect from the stock market to the housing market but the spillover effect doesn't occur in the opposite direction.
Sim and Chang [6] find that there is Granger causality from house and land prices to stock prices, but doesn't find Granger causality in the opposite direction.
Tse [7] analyzes the relationship between the stock market and real estate market by using Hong Kong data from 1974 to 1998. As a result, he finds that unexpected change in real estate prices is a main factor that can influence stock prices and that the two markets are co-integrated. As a high portion of real estate-related companies are listed on the stock market, the trend of real estate prices affects the profitability of the real estate-related companies, which in turn has an influence on their stock prices.
Unlike previous studies, this study analyzes the effect of the vKOSPI on the housing market, and also the effect of the investors' attitude toward risk in the housing market. As there are various influential factors that affect the housing market, this study use macroeconomic variables as additional explanatory variables, in order to control the effect.
Data

Relationship between the VIX and the
Housing Market Index Figure 1 is a graph shown in the paper of Chauvet, Gabriel and Lutz [3] to compare the HDI and VIX. The dotted line represents the VIX, and the solid line the HDI. As shown in Figure 1 , the sentiments of investors who participate in the two markets have differences in volatility but very similar patterns in terms of trend.
Basic Data
The data used in model estimation is the house price in- dex, rent index, KOSPI index, consumer price index, index of industrial production, vKOSPI index and estimated data series related to term structure of interest rates. The data related to term structure of interest rates refers to the level and slope factors estimated by the Dynamic Nelson Siegel model (hereafter DNS model) on the spot yield curve of government bonds. The estimated level and slope factor are used instead of the interest rates of government bonds with a specific maturity. This is because of the fact that the term structure of government bonds can be represented in the three factors of level, slope, and curvature 3 . The data is collected on a monthly basis and the sampling period is from January 2003 to November 2012. 4 The time series of basic data are shown in Figure 2 .
Analyzing the data before and after the global financial crisis triggered by the bankruptcy of Lehman Brothers Holdings in the 3 rd quarter of 2008 (hereinafter referred to as the global financial crisis in 2008), we can find a few characteristics. First, the rent-to-house price ratio of a house is falling until the global financial crisis in 2008, but after the crisis until 2012 it rises. Second, the level of the yield curve since the global financial crisis in 2008 lowers gradually due to expansionary monetary policy in reaction to the crisis, and the term structure of interest rates make a parallel shift downwards. The slope of the yield curve increases dramatically and then gradually decreases over time, eventually returning to a value close to the long-term average.
5 Table 1 shows the basic statistics of transformed data.
The results found through the analysis of the correlation of Table 1 can be summarized as follows.
First, as for the rent-to-house price ratio, the housing 3 The relationship between the three factors of the term structure of interest rates and economic variables is explained in detail in the research of Diebold et al. [8] . 4 The starting point of the vKOSPI data is January 2003. 5 The figures of the slope factor in the DNS model are the values of the normal slope to which all, minus (−) was prefixed. Therefore, as the value of the slope factor decreases, the slope of the actual term of the structure increases. See Diebold et al. [8] . market has changed since the global financial crisis in 2008. The rent-to-house price ratio and house prices have a negative (−) correlation between the Pre-crisis period (the period before the crisis) and the Entire period (the whole period of the data covering before and after the crisis). It means that the bigger the changes in the rent-to-house price ratio are, the lower the house prices are. On the contrary, the bigger the changes in house prices are, the smaller the changes in rent-to-house price ratio are. It is because the rise of house prices is bigger than the rise of rents. However, after the global financial crisis in 2008, the correlation between the rent-to-house price ratio and house prices is shown as positive (+). It means that after the global financial crisis in 2008, the higher the changes in rent-to-house price ratio, the higher the rise in house prices. Although it may be an unexpected result, the correlation between rent-to-house price ratio and rent can justify the result. The correlation between rent-to-house price ratio and rent during the Post-crisis period is 0.857, which shows that the rise of rents is relatively higher than the rise of house prices. Therefore, from the perspective of market participants, it shows that rents rise higher than house prices do. Second, the relationship between the stock market and housing market vary according to the attitude of investors towards the markets' direction and risk. The KOSPI index shows positive (+) correlation with house prices, but negative (−) with rental prices. On the other hand, the vKOSPI have a positive (+) relationship with both house and rental prices. It means that whereas the direction of the stock market is correlated with house prices and rentals in opposite directions, the sentiment of investors on House prices, rents, KOSPI index, index of industrial production, and consumer price index were log differentiated. Rent-to-house price ratio was differentiated. The level variables were used as they were for level factor, slope factor, and the vKOSPI.
implied volatility or risk in the stock market have a negative (−) relationship with the two markets. Third, the correlations of vKOSPI with rents, and house prices show a big difference from the correlation between the vKOSPI and the rent-to-house price ratio. The correlations of vKOSPI with rents, and house prices are negative (−), regardless of the global financial crisis in 2008. One thing that is noteworthy is that the correlation after the crisis in 2008 becomes greater. The relationship between the vKOSPI and the rent-to-house price ratio is also negative (−), but it becomes much greater (−0.02  −0.472) after the crisis in 2008. Before the crisis in 2008, the vKOSPI affect a similar amount of house prices and rents, which is a symmetric influence. However, after the crisis, it has influence of a different size, that is, an asymmetric influence. In other words, before the crisis in 2008, when both the stock market and housing market are on the rise, the attitude of investors participating in the housing sales market and rental market toward risky assets shows a similar pattern. After the crisis in 2008, however, there is a remarkable difference in the attitude of the investors in the sales market and rental market. It is assumed that the uncertainty in expected rising house prices have influence on the investors' appetite for houses, a risky asset.
Fourth, it is noteworthy that the correlation between the vKOSPI and housing market (sales and rental) after the global financial crisis in 2008 is bigger than the correlation between the vKOSPI and stock market. In particular, the correlation between the vKOSPI and rental/ house prices index before and after the global financial crisis in 2008 is −0.02, and −0.472, respectively, which is a significant increase.
Fifth, the industrial production index and consumer price index that represent the basic conditions of the economy over the Entire period show positive (+), and negative (−) relationships with the house prices, respectively.
Methodology
Before conducting the analysis on the relationship among the stock market, housing market, and economic variables, unit root and co-integration tests are conducted. The model that is most suitable for the changes before and after the global financial crisis in 2008 is the VAR model.
Unit Root Test
All level variables of basic data have a unit root. Therefore, unit root tests are conducted only on the converted variables and all the results are stationary as shown in Table 2 . In particular, the rent index has a unit root even when conducting the first order difference. It becomes stationary after conducting the second order difference. 6 In the event that the rent-to-house price ratio is used without separating the house prices from rents, stationarity is secured through the first order difference, regardless of setting the unit root test. Although the level and slope factor in DNS model has a unit root, when estimating DNS term structure model, data transformation is not conducted because it is estimated on the assumption that the level and slope factors follow stationary AR(1) processes, respectively. Table 2 shows the results of the unit root test on the variables that form the model.
By rejecting the null hypothesis of the Augmented Dicky-Fuller Test (ADF), insisting that all variables except for level and slope factors have a unit root at the significant level of 5%, we find that the variables are converted to stationary variables.
Co-Integration Test
If all variables have a unit root in I(1), first order differencing makes them stationary time series. However, in case of using first order differenced variables, there is a risk of losing the information about the long-run relationships. The linear or non-linear relationship among difference variables cannot be interpreted as a long-run equilibrium relationship.
In order to find out if a long-term equilibrium relationship exists in the stock market and housing market, a co-integration test is conducted on the KOSPI index and rent-to-house price ratio by log. Tables 3 and 4 show the results with the use of Trace statistics and Max statistics.
As a result of the co-integration test, it is found that there is no consistent co-integration relationship between the KOSPI and rent-to-house price ratio, but a slight relation is found after the global financial crisis in 2008. As for the co-integration relationship between the KOSPI and rent-to-house price ratio, it doesn't exist during the Pre-crisis or the Entire period. After the crisis, however, only Max statistics shows that a single co-integration relationship existed while trace statistics shows no co-integration relationship. It can be interpreted that there is a co-integration relationship between the stock market and housing market after the crisis in 2008. Nonetheless, since Max statistics and Trace statistics show different results, this study uses the VAR model which can be used consistently to compare the Pre-crisis, Post-crisis, and Entire period.
Estimation Results
VAR Model
Estimation of the VAR Model
Representing the variables of the VAR model as column vector t X , the VAR (1) First, the changes in the vKOSPI level have a negative (−) influence on the changes in rent-to-house price ratio after the financial crisis in 2008. The results show the same negative (−) correlation even on the data of the Pre-crisis and Entire period and they are not statistically significant. The vKOSPI may represent risk appetite of investors in the stock market. That is, when the uncertainty increases and the appetite of investors for risky assets decreases proportionally by the rise of the vKOSPI, both rent and house prices fall. In that case, rent (numerator) falls less than house prices (denominator). On the contrary, when the uncertainty decreases and the appetite of investors for risky assets increases proportionally by the fall of the vKOSPI, both rent and house prices rise. In that case, the numerator, rent, rises much higher than the denominator, house prices.
Here, dlog represents log difference and d represents difference. The vector of time series variables, t X represents KOSPI volatility, changes in rent (JP)-to-house price (HP) ratio, level factor of interest rate, slope factor of interest rate, growth rate of industrial production (IP), inflation rate, and KOSPI 200 volatility index (vKOSPI), in that order. "A" is a column vector of 7 × 1 constant term; and "B" is 7 × 7 coefficient matrix. " t  " follows multivariate normal distribution in which the average is " 0 "and covariance is " Σ ".
Seeing the asymmetric changes in the rent-to-house price ratio according to the changes in the vKOSPI, we may suspect that when the investors' appetite for the risky assets rises due to the fall of the vKOSPI, house prices will be more responsive than rents, but the actual data shows the contrary. Rather, the result that the rise of
The VAR model is estimated by using the OLS method. house prices is smaller than the rise of rents shows that the investors' appetite for the risky assets, such as stocks, does not totally shift to the housing sales market, in spite of the rise of the investors' appetite for the risky assets. This means that the investors' expectation for the housing market has changed and such a change is more accelerated after the global financial crisis in 2008. If the investors' appetite for the risky assets falls due to the rise of the vKOSPI, the fall in house prices gets bigger than the fall in rents. It means that when the investors' appetite for the risky assets, such as stocks decreases, their appetite for the risky assets is shifted to the housing sales market.
The reasons for such an asymmetric influence of the vKOSPI on the housing market may be considered from various perspectives. From the perspective of the risk appetite of investors, it is related to the situation where the house price bubble collapses after the global financial crisis and the expectation for the rise of house prices in the future has not recovered yet.
Referring to the correlation analysis in Table 1 , the vKOSPI shows a negative (−) relationship with rents and house prices. In terms of relative volatility after the financial crisis in 2008, rents show more asymmetric changes than house prices.
Second, the level factor of the government bond yield curve (ALPHA) has a negative (−) influence on the stock market, which shows the same pattern before and after the financial crisis. During the Pre-crisis, if the term structure moves upwards, the returns of the KOSPI fall (−6.4268) and the level of vKOSPI rises. It is suspected that due to the overall economic contraction triggered by the rise of long-term and short-term interest rates, the rise of stock market growth becomes sluggish and the risk appetite of investors falls (rise of the vKOSPI). It shows the same pattern after the crisis of 2008. The significance of the estimated coefficient is higher and the size of the coefficient is bigger, too. As shown in Table 7 , when estimation is made over the Entire period, the significance falls, but the trend of the figures still remain negative (−).
Third, the slope factor (BETA) of the government bond yield curve explains with significance the stagnation of stock market, fall of investor's risk appetite, and slowdown of the economic growth that occur after the global financial crisis in 2008. Slope factor refers to the spread between long-term and short-term and it is defined as the value obtained by multiplying −1 to a slope. As you can see from Table 6 , when a slope factor rises (that is, the slope of term structure lowers) the returns of the KOSPI decrease and the level of the vKOSPI rises, which in turn decreases the economic growth rate. As the slope of the term structure is determined mainly by the short-term maturity, the fact that the slope of the term structure flattens means that short-term interest rates are relatively higher than long-term interest rates. It is interpreted as the result of the policies that try to calm down the overheated economy. Fourth, the relationship between the vKOSPI and slope factor vary depending on explanatory variables. The trend remains the same over the three periods of Pre-crisis, Post-crisis, and the Entire period. That is, 1) In the event that the vKOSPI is an explanatory variable, if vKOSPI level rises, the slope falls; 2) in the event that the slope factor is an explanatory variable, if slope rises, the vKOSPI level rises, too, which contradicts one another. In case of 1), when economic uncertainty increases due to the rise of the vKOSPI level, the government reacts with an expansive monetary policy such as the cutting of interest rates. In case of 2), if the slope of the term structure becomes flat due to the rise of the slope factor, economic instability due to the rise of short-term interest rates of government bonds, have influence on the sentiment of investors in stock market.
Granger Causality Relationship
Conducting a test on causality relationship using the VAR model is called VAR Granger Causality analysis. This study doesn't assume the causal relationships between variables in advance by the economic theories, and use VAR Granger Causality in order to analyze the causality relationship among variables by using given time series. Table 8 shows the Granger causality relationship between the vKOSPI and rent-to-house price ratio. The Granger causality relationship also changes much before and after the global financial crisis in 2008. There is significant influence on the Granger causality relationship from the vKOSPI to rent-to-house price ratio in the Post-crisis samples, but not vice versa. It is contrary to the research result of Sim and Chang [6] that found Granger causality from house and land prices to stock price, but not vice versa.
Conclusions
The Housing market is a macroeconomic variable which government and people are the most interested in. Among many factors that have influence on the housing market, this study investigates the influence of economic uncertainty or the sentiment/attitude of investors toward risky assets, which is represented in the vKOSPI, on housing market. As a result, the influence of the vKOSPI on the rent-to-house price ratio is insignificant until the financial crisis in 2008, but it become significant after the crisis. It is insignificant during the pre-crisis period because the influence of the vKOSPI on the rents and house prices is similar in size and their volatility offsets each other (symmetric influence). However, after the crisis, the influence of the vKOSPI on rents is bigger than that on the house prices, which results in a big change in the rent-to-house price ratio (asymmetric influence). It can be interpreted that recent investors avoid a specific market (sales market) and their interest is shifted to another market (rental market). In other words, if the products in housing sales market and rental market are complementary goods before the financial crisis, in current times, the goods in both markets are substitute goods. Therefore, the focus on the stability policy for housing market, centering on sales market, should be to make investors' risk appetite have a symmetric influence on the market. For example, current revitalization policies for the housing sales market, according to the results of this study, should be not to make investors' risk appetite biased. It may be done by providing policies to lessen regulations or loan conditions in the market that are necessary for complementation.
In a strict sense, the rent-to-house price ratio is not the ratio of rental versus house prices. It is rather a measurement for the housing market. Attitude and sentiment of investors toward risky assets, which is represented in the vKOSPI, have greater influence on the rent-to-house price ratio than before. Therefore, the rent-to-house price ratio can be an index that can represent the investors' sentiment on the housing market or indicate whether the housing market is overheated or not.
